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(57) ABSTRACT

Systems, methods, and software are disclosed for synchro-
nizing data among network elements of a telecommunica-
tion management network. In a data synchronization system,
a mapping system receives a first data set from a first
network element and receives a second data set from a
second network element. The mapping system processes the
first data set to identify a first object, and processes the first
object based on mapping rules to identify an associated
second object in the second data set, and map the first object
and the second object. A comparison system then processes
the first object and the second object as mapped to identify

(22)  Filed: Sep. 29, 2004 differences between the objects, and generates information
Publication Classification indicating the differences. An alignment system processes
the first object and the information indicating the differences
(51) Imt. ClL to generate new object data used to adjust the first object
H04J  3/06 (2006.01) stored in the first network element.
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DATA SYNCHRONIZATION IN A
TELECOMMUNICATION MANAGEMENT
NETWORK

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention is related to the field of telecommu-
nication management networks, and in particular, to sys-
tems, methods, and software for synchronizing data among
network elements of a telecommunication management net-
work.

[0003] 2. Statement of the Problem

[0004] In telecommunication management networks, the
network elements (such as Operation Management Control-
lers (OMC), Radio Network Controllers (RNC), Base Trans-
ceiver Stations (BTS), etc) may each store network man-
agement data. Network management data (referred to herein
as “data”) comprises any data or information for managing
or controlling a telecommunication management network.
Data stored in one network element may also be stored in
multiple other network elements. One issue facing network
operators is maintaining consistency of data that is stored in
multiple network elements.

[0005] The data stored in an individual network element
may be changed for various reasons. For instance, a network
operator may change the data in the network element
through a local interface on the network element. Also, a
crash or failure in the network element may change the data
in the network element. When data is changed in one or
more network elements such that the data is no longer
consistent over the network, then network operators face the
challenge of synchronizing the data once again.

[0006] One solution for synchronizing data is using a
master database that stores a master copy of network man-
agement data for the network. If data in a network element
has changed, then the data stored in the master database is
used to adjust the data in the network element so that the data
is once again synchronized over the network. The synchro-
nization generally comprises a straight-forward data copy
from the master database to the network element.

[0007] However, the master database solution becomes
very complex and less effective when the data stored in one
network element does not directly correspond with data
stored in other network elements. For example, in a 3G
wireless network, regulatory and standards agencies require
the interoperability of network elements for call processing,
but do not require interoperability for network management.
Thus, network management data stored in network elements
may not correspond. For instance, network elements can be
supplied from different vendors, and network elements from
each vendor generally have their own network management
data (referred to herein as distribution of network manage-
ment data). Also, to support telecommunication services,
such as call processing and call handover, the network
elements from various vendors are linked together and the
relationships are defined across the network elements
(referred to herein as duplication of network management
data). Further, each vendor may choose its own data model,
which means that the same data duplicated across the
network elements may have different representations
(referred to herein as transformation of network manage-
ment data).
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[0008] A problem remains for network operators to syn-
chronize network management data among network ele-
ments when the data stored in the network elements does not
directly correspond because of distribution, duplication,
transformation, or other reasons.

SUMMARY OF THE SOLUTION

[0009] The invention solves the above and other related
problems by defining mapping rules for identifying associ-
ated objects in network management data stored in different
network elements of a telecommunication management net-
work. The mapping rules are also used for mapping the
objects to one another by mapping attributes of the objects
to one another. With the objects mapped, differences
between the associated objects may be identified. One or
more of the objects may then be adjusted based on the
differences so that the data is synchronized among the
network elements in the telecommunication management
network. Advantageously, network operators are able to
synchronize network management data in a telecommuni-
cation management network even if the data stored in one
network element does not directly correspond with data in
other network elements. More particularly, network opera-
tors are able to synchronize network management data in a
telecommunication management network even if the data
stored in the network elements is distributed, duplicated, or
transformed.

[0010] One embodiment of the invention comprises a data
synchronization system for a telecommunication manage-
ment network. The data synchronization system includes a
mapping system, a comparison system, an alignment sys-
tem, and a command system. In operation, the mapping
system receives a first data set from a first network element
storing network management data. The mapping system also
receives a second data set from a second network element
storing network management data. The first data set from the
first network element does not directly correspond with the
second data set from the second network element. The
mapping system processes the first data set to identify a first
object in the first data set. The mapping system then pro-
cesses the first object of the first data set based on mapping
rules to identify a second object in the second data set that
is associated with the first object. The mapping system also
processes the first object and the second object based on the
mapping rules to map the first object to the second object.

[0011] With the first object and the second object mapped
to one another, the comparison system processes the first
object and its associated second object to identify differ-
ences between the objects. The comparison system gener-
ates information indicating the differences between the first
object and the second object, and transmits the information
to the alignment system.

[0012] The alignment system receives the information
indicating the differences between the first object and the
second object. The alignment system also receives the first
object. The alignment system processes the first object and
the information indicating the differences between the first
object and the second object to generate new object data.
The alignment system transmits the new object data to the
command system. The command system generates com-
mands based on the new object data to adjust the first object
stored in the first network element, and transmits the com-
mands to the first network element.
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[0013] The invention may include other exemplary
embodiments described below.

DESCRIPTION OF THE DRAWINGS

[0014] The same reference number represents the same
element on all drawings.

[0015] FIG. 1 illustrates a telecommunication manage-
ment network in the prior art.

[0016] FIG. 2 illustrates a data synchronization system for
a telecommunication management network in an exemplary
embodiment of the invention.

[0017] FIG. 3 is a flow chart illustrating a method of
synchronizing data in a telecommunication management
network in an exemplary embodiment of the invention.

[0018] FIG. 4 is a flow chart illustrating additional steps
of the method of FIG. 3 in another exemplary embodiment
of the invention.

[0019] FIG. 5 illustrates a computer system for synchro-
nizing data in a telecommunication management network in
an exemplary embodiment of the invention.

[0020] FIG. 6 illustrates a data synchronization system for
a telecommunication management network in another exem-
plary embodiment of the invention.

[0021] FIG. 7 illustrates mapping SNM data and RNC
data using the mapping rules in an exemplary embodiment
of the invention.

[0022] FIG. 8 illustrates mapping associated objects using
the mapping rules in an exemplary embodiment of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

Prior Art Telecommunication Management Network—FIG.
1

[0023] FIG. 1 illustrates a telecommunication manage-
ment network 100 in the prior art. Telecommunication
management network 100 comprises an operation manage-
ment center (OMC) 110 and a plurality of Radio Network
Systems (RNS) 120-121. Telecommunication management
network 100 could include multiple OMCs. RNS 120
includes Radio Network Controller (RNC) 132 and a plu-
rality of Base Transceiver Stations (BTS) 134-135. RNS 121
includes RNC 142 and a plurality of BTSs 144-145. OMC
110 connects to RNS 120 and RNS 121 and the elements
within. Within RNS 120, RNC 132 connects to BTSs
134-135 and RNC 142. Within RNS 121, RNC 142 connects
to BTSs 144-145. Some of the terms used to describe
telecommunication management network 100 may be under-
stood by those skilled in the art to refer to a UMTS network,
but telecommunication management network 100 may com-
prise a GSM network, a CDMA network, or any other type
of telecommunication management network.

[0024] OMC 110 includes Subnetwork Management
(SNM) 111 that includes a database 112. RNC 132 includes
database 133, and RNC 142 includes database 143. BTSs
134-135 include databases 138-139 respectively. BTSs 144-
145 include databases 148-149 respectively. Each of the
databases is configured to store network management data.
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[0025] One issue facing network operators is maintaining
consistency of the network management data that is stored
in the databases. The data stored in a database in a network
element may be changed for various reasons. For instance,
a network operator may change the data stored in database
133 in RNC 132 through a local interface on RNC 132. Also,
a crash or failure in RNC 132 may change the data stored in
database 133. When data is changed in one or more network
elements such that the data is no longer consistent over
telecommunication management network 100, it is a prob-
lem for network operators to synchronize the data once
again.

[0026] The problem is magnified when the data stored in
one database does not directly correspond with data stored
in other databases. The data stored in the databases may not
directly correspond for various reasons. For instance, net-
work elements can be supplied from different vendors, and
network elements from each vendor generally have their
own network management data (referred to herein as distri-
bution of network management data). Also, to support
telecommunication services, such as call processing and call
handover, the network elements from various vendors are
linked together and the relationships are defined across the
network elements (referred to herein as duplication of net-
work management data). Further, each vendor may choose
its own data model, which means that the same data dupli-
cated across the network elements may have different rep-
resentations (referred to herein as transformation of network
management data).

[0027] A problem remains for network operators to syn-
chronize data among network elements when the data stored
in the network elements does not directly correspond for at
least the reasons described above.

DESCRIPTION OF THE INVENTION

[0028] FIGS. 2-8 and the following description depict
specific exemplary embodiments of the invention to teach
those skilled in the art how to make and use the best mode
of the invention. For the purpose of teaching inventive
principles, some conventional aspects of the invention have
been simplified or omitted. Those skilled in the art will
appreciate variations from these embodiments that fall
within the scope of the invention. Those skilled in the art
will appreciate that the features described below can be
combined in various ways to form multiple variations of the
invention. As a result, the invention is not limited to the
specific embodiments described below, but only by the
claims and their equivalents.

[0029] FIG. 2 illustrates a data synchronization system
200 for a telecommunication management network in an
exemplary embodiment of the invention. Data synchroniza-
tion system 200 is part of or is connected to the telecom-
munication management network (not shown), such as a
UMTS network, a GSM network, a CDMA network, or
another type of telecommunication management network.
Data synchronization system 200 includes a mapping system
202, a comparison system 204, an alignment system 206, a
command system 208, and a reporting system 210. Mapping
system 202 is connected to comparison system 204. Com-
parison system 204 is connected to alignment system 206
and reporting system 210. Alignment system 206 is con-
nected to command system 208. Data synchronization sys-
tem 200 may include other components, devices, or systems
not shown in FIG. 2.
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[0030] Mapping system 202 is also connected to a network
element 211 and a network element 212. A network element
comprises any operational component, device, or system in
a telecommunication management network that stores net-
work management data. Examples of a network element
include Operation Management Controllers (OMC), Radio
Network Controllers (RNC), and Base Transceiver Stations
(BTS). Network management data (referred to herein as
“data”) comprises any data or information for managing or
controlling a telecommunication management network.
Assume that network element 211 and network element 212
each store network management data that does not directly
correspond with each other.

[0031] FIG. 3 is a flow chart illustrating a method 300 of
synchronizing data in a telecommunication management
network in an exemplary embodiment of the invention.
Method 300 is described as if being implemented using data
synchronization system 200. In step 302, mapping system
202 (see FIG. 2) receives a first data set from network
element 211. A data set comprises any collection of network
management data. In step 304, mapping system 202 receives
a second data set from network element 212. The first data
set from network element 211 does not directly correspond
with the second data set from network element 212. To not
directly correspond, the attributes of the first data set does
not have one-to-one correspondence with the attributes of
the second data set. For instance, one or both of the first data
set and the second data set may have been distributed,
duplicated, or transformed.

[0032] Instep 306, mapping system 202 processes the first
data set to identify an object in the first data set. An object
comprises any managed data structure. In step 308, mapping
system 202 processes the second data set and the object of
the first data set based on mapping rules to identify an object
in the second data set that is associated with the object of the
first data set. In this embodiment, method 300 may further
include the step of generating the mapping rules. The
mapping rules may be written in a declarative language,
such as extensible markup language (XML). In step 309,
mapping system 202 processes the object of the first data set
and the object of the second data set based on the mapping
rules to map the first object to the second object. For
instance, mapping system 202 may use the mapping rules to
map attributes, fields, values, etc. of the first object to the
second object.

[0033] In step 310, comparison system 204 (see FIG. 2)
processes the object of the first data set and the object of the
second data set as mapped to identify differences between
the objects. In step 312, the comparison system 204 gener-
ates information indicating the differences between the
objects. Comparison system 204 transmits the information
indicating the differences between the objects to alignment
system 206.

[0034] Alignment system 206 receives the information
indicating the differences between the objects. Alignment
system 206 also receives the object of the first data set. FIG.
4 is a flow chart illustrating additional steps of method 300
in another exemplary embodiment of the invention. In step
314, alignment system 206 processes the object of the first
data set and the information indicating the differences
between the objects to generate new object data. The new
object data reflects the results of aligning the objects.
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Alignment system 206 transmits the new object data to
command system 208. In step 316, command system 208
generates commands based on the new object data to adjust
the object stored in network element 211. The commands
may comprise Command Line Interface (CLI) commands or
other commands. In step 318, command system 208 trans-
mits the commands to network element 211. Responsive to
the commands, network element 211 adjusts the object
stored in network element 211. After adjusting the object
stored in network element 211, the associated objects in
network element 211 and network element 212 should be
synchronized.

[0035] In step 320, reporting system 210 receives the
information indicating the differences between the objects.
Reporting system 210 generates a human-readable report
based on the information for review by network operators.
The network operators may use the report to instruct align-
ment system 206 how to align the objects or which objects
to adjust.

[0036] FIG. 5 illustrates a computer system 500 for syn-
chronizing data in a telecommunication management net-
work in an exemplary embodiment of the invention. Com-
puter system 500 includes a communication interface 501, a
processing system 502, storage media 503, and a user
interface 504. Storage media 503 stores mapping instruc-
tions 511, comparison instructions 512, alignment instruc-
tions 513, command instructions 514, reporting instructions
515, and mapping rules 521. Processing system 502 is linked
to communication interface 501, storage media 503, and
user interface 504. Computer system 500 could be com-
prised of a programmed general-purpose computer, such as
a desktop computer or a laptop computer. Processing system
502 could comprise a computer microprocessor, logic cir-
cuit, or some other processing device. Storage media 503
could comprise a disk, tape, CD, integrated circuit, server, or
some other memory device. Storage media 503 may be
distributed among multiple memory devices. User interface
504 could comprise a display, keyboard, mouse, voice
recognition interface, graphical display, touch-screen, or
some other type of user device.

[0037] In operation, processing system 502 executes map-
ping instructions 511, comparison instructions 512, align-
ment instructions 513, command instructions 514, and
reporting instructions 515 to perform method 300 (see
FIGS. 3-4). For instance, processing system 502 may
execute mapping instructions 511 to perform at least steps
302, 304, 306, 308 and 309 of FIG. 3. In executing mapping
instructions 511, processing system 502 also accesses map-
ping rules 521 stored in storage media 503. Processing
system 502 may execute comparison instructions 512 to
perform at least steps 310 and 312 of FIG. 3. Processing
system 502 may execute alignment instructions 513 to
perform at least step 314 in FIG. 4. Processing system 502
may execute command instructions 514 to perform at least
steps 316 and 318 in FIG. 4. Processing system 502 may
execute reporting instructions 515 to perform at least step
320 in FIG. 4. Mapping instructions 511, comparison
instructions 512, alignment instructions 513, command
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instructions 514, and reporting instructions 515 may be
generated and written in an interpretive language, such as
extensible stylesheet language transformations (XSLT).

[0038] The mapping rules referenced in the above descrip-
tion may be generated or defined in a variety of ways. The
following will list particular mapping rules as an illustrative
example, and the invention is not limited to these mapping
rules. Given an object in one data set, at least one of the
mapping rules identifies an associated object in another data
set. For instance, this mapping rule is used to perform step
308 in FIG. 3. Once associated objects are located, other
mapping rules are used to map the associated objects to one
another.

[0039] At least one of the mapping rules defines direct
mapping between corresponding attributes of objects, mean-
ing that the attributes of the two objects directly correspond
with one another. More particularly, at least one of the
mapping rules defines direct mapping between two objects
having attribute names that are the same. For instance, a
direct mapping rule in XML may read: <AttrMap top=
“attributename” bottom="attributename”/>.

[0040] At least one of the mapping rules defines indirect
mapping between attributes of objects. More particularly, if
an attribute of a first object does not have a corresponding
attribute in a second object, then at least one of the mapping
rules defines how to locate a third object that includes the
attribute. For instance, mapping rules that define how to
locate the object in XML may read:

<References>
<Ref from="object 1” to="object 3" via="object 2”/>
<Ref from="object 1” to="object 2” ref="reference name 1”/>
<Ref from="object 2” to="object 3” ref="reference name 2”/>
</References>

These rules allow object 1 to reference object 3 through
object 2 in order to identify an attribute for mapping.

[0041] At least one of the mapping rules defines mapping
from one attribute of an object to multiple attributes of
another object.

[0042] At least one of the mapping rules defines mapping
between attribute values of a different type. More particu-
larly, if two corresponding attributes have values that cannot
be directly compared, then at least one of the mapping rules
defines how to compare attributes of a different type.

[0043] FIG. 6 illustrates a data synchronization system
600 for a telecommunication management network in an
exemplary embodiment of the invention. Data synchroniza-
tion system 600 is part of or is connected to the telecom-
munication management network 100 for the sake of illus-
tration. Data synchronization system 600 includes a
mapping system 602, a comparison system 604, an align-
ment system 606, a command system 608, a reporting
system 610, and a Management Information Model (MIM)
system 612. Mapping system 602 is connected to compari-
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son system 604, SNM 111, RNC 132, and RNC 142.
Comparison system 604 is connected to alignment system
606 and reporting system 610. Alignment system 606 is
connected to command system 608 and MIM system 612.
Command system 608 is also connected to MIM system 612.
Data synchronization system 600 may include other com-
ponents, devices, or systems not shown in FIG. 6.

[0044] As shown in FIGS. 1 and 6, SNM 111 includes
database 112, RNC 132 includes database 133, and RNC
142 includes database 143. Each database 112, 133, and 143
stores network management data for telecommunication
management network 100. The network management data is
modeled in managed objects. The modeling of the managed
objects involves inheritance and containment relationships
among managed objects, attributes (i.e., properties) of the
managed objects, attribute management (such as access
interface, read-only, etc.), associations between the managed
objects (pointers), relations among the managed objects in
different network elements for a given physical entity (a
link), Distinguished Name (DN) naming rules defining the
correspondence of objects from different network elements,
and behavior of the managed objects.

[0045] Assume for this embodiment that the network
management data stored in databases 112, 133, and 143 has
been distributed, duplicated, transformed, or otherwise
altered so that there is not one-to-one correlation between
similar data. Periodically, such as daily, weekly, or on
command, SNM 111, RNC 132, and RNC 142 each transmit
a data set to mapping system 602.

[0046] One problem with processing the data sets from
SNM 111, RNC 132, and RNC 142 when the data sets do not
have one-to-one correlation is identifying objects of the data
sets that are associated or supposed to be associated with one
another. To overcome the problem in this embodiment,
mapping rules have been generated to identify associated
objects in the data sets. To achieve a greater level of
flexibility and extensibility, the data sets, the model, and the
mapping rules are represented declaratively using XML,
which is a simple, declarative, and standard way to inter-
change structured textual data across applications as well as
across hardware platforms and operating systems.

[0047] Mapping system 602 processes the data set from
SNM 111 to identify an object in that data set. Mapping
system 602 processes the object of the data set from SNM
111 based on mapping rules to identify an object in the data
set from RNC 132 and an associated object in the data set
from RNC 142. A natural way to process the XML -based
mapping rules is through an interpretive engine embodied in
mapping system 602. The function and operation of map-
ping system 602 is defined by XSLT instructions. XSLT
itself is XML and is primarily designed for transforming one
XML document into another.

[0048] When associated objects are identified, another
problem is mapping the objects to one another. To map the
objects, mapping system 602 processes the objects based on
the mapping rules to map attributes, fields, values, etc. of
objects to one another. Table I illustrates mapping rules in
this embodiment of the invention.
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TABLE 1

Type

Mapping rule types

Description

Class mapping

Attribute mapping

Sequence mapping

Field mapping

The mappings are done class by class. A class mapping consists
of one or more attribute/sequence mapping(s).

For each class, attributes are compared one by one. Attribute
mapping supports simple attributes such as an attribute in its
class, a field in a non-sequence structure, or a fully qualified
attribute in another class.

Sequence mapping supports sequence attributes. It consists of
zero or more field mapping(s). A sequence can be an attribute in
its class or a fully qualified attribute in another class.

Field mapping is to identify the fields in a structure that are
mapped. It consists of zero or more value mapping(s). Note: one
of the mapping fields can be empty because one of the sequences
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may be of a simple type.
Value mapping
attribute.
Reference

Value mapping specifies the mapping of data values for an

References are to show how to get from one class to another.

They can be chained together when there is more than one hop
between the classes. A conflict resolution can be defined for the

situation where more than one reference is applicable.
Where/topWhere clause can be defined in many of the above
mappings for filtering out the unwanted entities such as

Where/topWhere
clause
instances, attributes, or structures.

[0049] Direct mappings are the mappings between two
compatible network elements. As shown in Table I, the
mapping rules are designed to capture the mappings between
classes, attributes, sequences, fields, and values. The map-
pings are defined in such a way so that the object-oriented
nature in the data model can be reflected. The top-level class
mapping captures the one-to-one relationship between
objects in different domains. Once a mapping between two
objects is established, the second-level attribute mapping
can then be applied between two attributes relative to those
objects. Based on the type of the attributes, the correspond-
ing sequence/field/value mapping may be applied.

[0050] Irregular mappings are the mappings between two
incompatible network elements. The complexity of the
domain model leads to irregular mappings. The mapping
rules are designed rich enough to represent this type of

mapping.

[0051] With associated objects identified and mapped to
one another, comparison system 604 processes the object
from SNM 111 and its associated object from RNC 132 to
identify differences between the objects. Comparison system
604 generates information indicating the differences
between the objects, and transmits the information indicat-
ing the differences between the objects to alignment system
606 and reporting system 610.

[0052] For instance, assume that the data set from SNM
111 is referred to as ‘top’ and the data set from RNC 132 is
referred to as ‘bottom’ (see mapping rules that follow). For
each object in the data set from RNC 132, mapping system
602 identifies a class mapping rule and a DN mapping rule
to find the corresponding object in the data set from SNM
111. Comparison system 604 performs the comparison
between the constructs (attributes, structures, sequence of
structures, sequence of basic types, values, etc.) within the
objects based on the corresponding mapping rules. During
the comparison, if a counterpart entity cannot be found then
it is marked as missing and if both entities exist but the

corresponding values are different then a mismatch is found.
Both the missing entity and the mismatch are reported.
When comparison system 604 is done with the data set from
SNM 111, comparison system 604 may reverse the sides so
that the data set from SNM 111 is referred to as ‘bottom’ and
the data set from RNC 132 is referred to as ‘top’, and the
above steps are repeated.

[0053] Reporting system 610 receives the information
indicating the differences between the objects and generates
a human-readable report of the information. The human-
readable report is for the network operators to review. Based
on the report, the network operators can make an educated
decision on which data in which network element is corrupt.
For instance, the network operators may know that RNC 132
had an earlier failure and that the data stored in database 133
needs to be adjusted. The network operators may then
instruct alignment system 606 which data needs to be
adjusted.

[0054] Alignment system 606 receives the information
indicating the differences between the objects, the objects
themselves, and possibly an instruction from the network
operators. For each missing entity (either an object or a
structure) in the data set from RNC 132, alignment system
604 removes the corresponding entity in the object of the
SNM 111. For each missing entity in the object of SNM 111,
alignment system 604 adds the missing entity in the object
of SNM 111. Each value mismatch, alignment system 604
aligns the value of the object of SNM 111 with the value of
the object of RNC 132. When adding a missing entity or
aligning value, alignment system 606 receives a template of
the object from MIM system 612. To construct a proper
object according to the model used by a particular network
element, MIM system 612 maintains a template for each
different data model that alignment system 606 uses to
re-construct a missing entity.

[0055] Using this alignment process, alignment system
606 generates new object data that reflects the result of the
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alignment process. Alignment system transmits the new
object data to command system 608. Command system 608
generates a set of Command Line Interface (CLI) commands
to correct data inconsistencies. Command system 608 trans-
mits the CLI commands to SNM 111. Responsive to the
commands, SNM 111 adjusts the object stored in database
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112. After adjusting the object stored in database 112, the
associated objects stored in database 112, database 133, and
database 143 should be synchronized.

[0056] The following data shows an example of the map-
ping rules in this embodiment of the invention.

<Rules name="RNC”>
<Mappings top="SNM” bottom=“RNC”>
<ClassMap top="SNM.UtranCell” bottom="RNC.LCell”>
<AttrMap top="userLabel” bottom="“userLabel” level="3"/>
<AttrMap top="lac” bottom="RNC.LA.locationAreaCode”/>
<AttrMap top="rac” bottom=“RNC.RA.routingAreaCode”/>
<SeqMap top="outgoingGsmlIsDaho” bottom="“outFddToGsmCellsDaho”
topKey="refCell” bottomKey="."" dnTypeKey="GsmExtCell”>
<FieldMap top="refCell” dnType="GsmExtCell”/>
<FieldMap top="relationType”
bottom="byIndex:outFddToGsmCellsDahoPri”>
<ValueMap top="isDahol” bottom="1"/>
<ValueMap top="isDaho2” bottom="2"/>
<ValueMap top="isDaho3” bottom="3"/>
</FieldMap>

</SeqMap>
</ClassMap>

<ClassMap top=“SNM.UtranCell” bottom=“RNC.FddExtCell”
topWhere="$topMOI/Attr] @name="incomingHO"]
J/StructEntry[ @name="refExtCell’ ]=$bottomDN

or

contains(map:getAllIRns($topMOL/ Attr] @name="outgoingGsmIsDaho’]
//StructEntry| @name=*‘peerRncList’]), map:getRns($bottomDN))*>
<SeqMap top="uraSeq” bottom=“RNC.URA.uRAC”
where="string($topItem/Struct/StructEntry| @name="uR APreferred’])
= ‘true’”>
<FieldMap top="uRARef”/>

</SeqMap>

<SeqMap top="incomingHO” bottom="inAdjCells”
topWhere="string($topItem/Struct/StructEntry[ @name = ‘refExtCell’])
= $bottomDN" topKey="refCell” bottomKey="." dnTypeKey="Cell”>
<FieldMap top="refCell” dnType=“Cell”/>
<FieldMap top="refExtCell” bottom="dn:"/>
</SeqMap>

</ClassMap>
<ClassMap top="SNM.ExtRncFunction” bottom="RNC.PRNC”
topWhere=“$G-topDoc/MOIList’/MOI[ @class="TurLink’ and
contains(@fdn, concat(‘Rns=", $G-bottomNEinst, *,"))
VAtt] @name=-*associated Functionld’ J=$topMOL @fdn
or contains($G-topDoc/MOIList/MOI[@class="TurLink’ and
contains(@fdn, $topMOV@fdn)
VAtt] @name=*associatedFunctionlId’],
concat(‘Rus=", $G-bottomNEinst, *,))”>
<AttrMap top=“rncld” bottom="rNCId"/>
<SeqMap top="mec” bottom="mCC”/>

<SeqMap top=“mnc” bottom="“mNC”/>

</ClassMap>

</Mappings>
<References>

<Ref from="RNC.LCell” to="RNC.LA” via="RNC.RA”/>

<Ref from=“RNC.LCell” to="RNC.RA” ref="ICellRefRA”/>

<Ref from=“"RNC.RA” to="RNC.LA” ref="rARefLa”/>

<Ref from=“RNC.IuR” to="RNC.SS7LinkSet” ref=“mtp3bRrefSS7” type="“rnsap”/>
<Ref from="RNC.IuR” to="RNC.SS7LinkSet” ref=“mtp3bRrefSSTALCAP”

type=“alcap”/>
</References>
</Rules>
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[0057] The following two examples illustrate how the
mapping rules are used to identity corresponding objects and
map the objects to one another to compare the objects.

EXAMPLE 1

[0058] Assume for this example that SNM data and RNC
data have been received. For the SNM data, a first object is
identified called “ExtRncFunction”. Mapping rules are
defined and used to identify the associated object in the RNC
data. The following mapping rule is used to identify the
associated object “PRNC” in the RNC data:

<ClassMap top="SNM.ExtRncFunction” bottom="RNC.PRNC”
topWhere=“$G-topDoc/MOIList’/MOI[ @class="TurLink’ and
contains(@fdn, concat(‘Rns=", $G-bottomNEinst, *,"))
VAt @name="associated Functionld ]=$topMOl/@{dn
or contains($G-topDoc/MOIList MOI[ @class="TurLink’ and
contains(@fdn, $topMOV@fdn)
VAtt] @name=*associatedFunctionId’],
concat(‘Rus=", $G-bottomNEinst, *,))”>
<AttrMap top="rncld” bottom="“rNCId"/>
<SeqMap top="mec” bottom="mCC”/>
<SeqMap top="mmnc” bottom="“mNC"/>
</ClassMap>

[0059] FIG. 7 illustrates mapping SNM data and RNC
data using the mapping rules in an exemplary embodiment
of the invention. Assuming that there is no direct correlation
between object “ExtRncFunction” and object “PRNC”, the
“topWhere” clause in the mapping rules specifies the indi-
rect associations through which object “PRNC” could be
found. For a given object “ExtRncFunction”, the “top-
Where” clause provides for a search through the SNM data
set to find object “Iurlink™ such that it is associated with
object “ExtRncFunction” or contained under object
“ExtRncFunction”. Object “TurLink™ is contained under an
object “RncFunction” or associated with object “RncFunc-
tion”. Then based on object “RncFunction”, the “topWhere”
clause provides for a search through the RNC data set to find
object “PRNC” such that these two objects have the same
RNS number. If object “PRNC” is found, then it is the
corresponding object for object “ExtRncFunction”.

EXAMPLE 2

[0060] Assume again for this example that SNM data and
RNC data have been received. For the SNM data, a first
object is identified called “UtranCell”. For the RNC data, an
object associated with object “UtranCell” is identified called
“LCell”. Mapping rules are defined and used to map the
objects to one another in order to compare the objects. The
following mapping rules are used to map the associated
objects “UtranCell” and “LCell”:

<ClassMap top=“SNM.UtranCell” bottom=“"RNC.LCell”>
<AttrMap top="userLabel” bottom="“userLabel”/>
<AttrMap top="lac” bottom="RNC.LA.locationAreaCode”/>
<SeqMap top="outgoingGsmIsDaho”
bottom="outFddToGsmCellsDaho”
topKey="refCell” bottomKey="." dnTypeKey="GsmExtCell”>
<FieldMap top="refCell” dnType=“GsmExtCell”/>
<FieldMap top="relationType”
bottom="byIndex:outFddToGsmCellsDahoPri”>
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-continued

<ValueMap top="isDahol” bottom="1"/>
<ValueMap top="isDaho2” bottom="2"/>
<ValueMap top="isDaho3” bottom="3"/>
</FieldMap>
</SeqMap>
</ClassMap>
<References>
<Ref from="“"RNC.LCell” to="RNC.LA” via="RNC.RA”/>
<Ref from="RNC.LCell” to="RNC.RA” ref=“ICellRefRA”/>
<Ref from="RNC.RA” to="RNC.LA” ref="“rARefLa”/>
</References>

[0061] FIG. 8 illustrates mapping associated objects using
the mapping rules in an exemplary embodiment of the
invention. A first type of mapping is direct mapping of
attributes in the objects. With direct mapping, an attribute or
attribute name in object “UtranCell” directly matches an
attribute or attribute name in object “LCell”. In FIG. 8,
object “UtranCell” includes an attribute with the attribute
name “userLabel”. Similarly, object “LCell” includes an
attribute with the attribute name “userlabel”. The following
mapping rule directly maps the similar attributes of object
“UtranCell” and object “LCell”:

[0062] <AttrMap top=“userLabel” bottom="“userl.a-
bel”/>.

Arrow 802 represents the direct mapping.

[0063] Another type of mapping is indirect mapping. With
indirect mapping, an attribute in object “UtranCell” does not
directly correspond with an attribute in object “LCell”. The
mapping rules define how to locate where the corresponding
attribute resides. In FIG. 8, object “UtranCell” includes an
attribute with attribute name “lac”. The following mapping
rule defines that the corresponding attribute having the name
“locationAreaCode” does not reside in object “LCell”, but
rather in RNC object “LA”™:

[0064] <AttrMap top="lac” bottom="“"RNC.LA loca-
tionAreaCode™/>.

[0065] Arrow 804 represents the indirect mapping. The
following mapping rules (may also be referred to as refer-
ence rules within the mapping rules) define how to locate
object “LA™:

<References>
<Ref from="RNC.LCell” to="RNC.LA” via="RNC.RA”/>
<Ref from="RNC.LCell” to="RNC.RA” ref="ICellRefRA”/>
<Ref from="RNC.RA” to="RNC.LA” ref="rARefLa”/>
</References>

Rule <Ref from=“RNC.LCell” to=“RNC.LA” via=“RN-
C.RA”/> provides that object “LLA” is found from object
“LCell” through object “RA”. Rule <Ref from=“RNC.L-
Cell” to="RNC.RA” ref="1CellRefRA”/> provides that
object “RA” is found through object “LCell” using the
pointer defined in attribute “lCellRefRA” of object “LCell”.
The pointer is represented in FIG. 8 as arrow 806. Rule <Ref
from="RNC.RA” to="RNC.LA” ref="“rARefl.a”/> provides
that object “LA” is found from object “RA” using the
pointer defined in attribute “rARefl.a” of object “RA”. The
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pointer is represented in FIG. 8 as arrow 808. By defining
indirect mapping using mapping rules, we can traverse any
numbers of pointers. By locating attribute “locationArea-
Code” in object “LLA”, attribute “lac” in object “UtranCell”
may be mapped to attribute “locationAreaCode” in object
“LA” (as is represented by arrow 810).

[0066] Another type of mapping is mapping one attribute
in an object to multiple attributes in another object. In FIG.
8, object “UtranCell” includes the single attribute “outgo-
ingGsmlsDaho[i]” that corresponds with attributes “outFd-
dToGsmCellsDaho[i]” and “outFddToGsmCellsDahoPri[i]”
in object “L.Cell”. Mapping a single attribute with multiple
attributes causes problems as the attributes cannot be
directly mapped and compared. The attribute values in the
single attribute need to be mapped to attribute values in the
multiple attributes. The following mapping rules define that

mapping:

<SeqMap top="outgoingGsmlIsDaho” bottom="outFddToGsmCellsDaho”
topKey="refCell” bottomKey="."" dnTypeKey=“GsmExtCell”>
<FieldMap top="refCell” dnType=“GsmExtCell”/>
<FieldMap top="relationType”
bottom="byIndex:outFddToGsmCellsDahoPri”>
<ValueMap top="isDaho1” bottom="1"/>
<ValueMap top="isDaho2” bottom="2"/>
<ValueMap top="isDaho3” bottom="3"/>
</FieldMap>
</SeqMap>.

Rule <FieldMap top="refCell” dnType="“GsmExtCell”/>
provides that the field “refCell” of ith structure in the
sequence attribute “outgoingGsmlsDaho” of object “Utran-
Cell” should match with the ith entry in the sequence
attribute “outFddToGsmCellsDaho” of object “L.Cell” based
on a DN mapping function “GsmExtCell”. Rule <FieldMap
top="relationType” bottom="bylndex:outFddToGsmCells-
DahoPri”> provides that the field “relationType” of ith
structure in the sequence attribute “outgoingGsmlIsDaho” of
object “UtranCell” should match with the ith entry in the
sequence attribute “outFddToGsmCellsDahoPri” of object
“LCell” based on the value mapping rules defined below.

[0067] The values of the corresponding attributes may not
be of the same type. Thus, there is a need for value mapping.
For instance in FIG. 8, the value type of field “relationType”
of object “UtranCell” is different from the value type of
attribute “outFddToGsmCellsDahoPri” of object “LCell”.
Rule <ValueMap top="is Daho1” bottom="1"/> says that for
the ith position in the corresponding sequences the value “is
Daho1” of field “relationType” should match with the value
“1” of the attribute “outFddToGsmCellsDahoPri”.

[0068] In conclusion, processing network management
data stored in network elements as described in the embodi-
ments herein advantageously provides a simpler and more
effective way of synchronizing data among the network
elements.

We claim:

1. A method of synchronizing network management data
among network elements of a telecommunication manage-
ment network, the method comprising the steps of:

receiving a first data set from a first network element of
the telecommunication management network;
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receiving a second data set from a second network ele-
ment of the telecommunication management network;

processing the first data set to identify a first object in the
first data set;

processing the first object and the second data set based on
mapping rules to identify a second object in the second
data set associated with the first object in the first data
set;

processing the first object and the second object based on
the mapping rules to map the first object to the second
object;

processing the first object and the second object as
mapped to identify differences between the first object
and the second object; and

generating information indicating the differences between
the first object and the second object.
2. The method of claim 1 further comprising the step of:

processing the first object and the information indicating
the differences to generate new object data;

generating commands based on the new object data to
adjust the first object stored in the first network ele-
ment; and

transmitting the commands to the first network element.
3. The method of claim 2 further comprising the step of:

generating a human-readable report based on the infor-
mation indicating the differences between the first
object and the second object.

4. The method of claim 1 further comprising the step of
generating the mapping rules in extensible markup language
(XML) or another declarative language.

5. The method of claim 4 wherein at least one of the
mapping rules identifies the second object in the second data
set associated with the first object in the first data set.

6. The method of claim 4 wherein at least one of the
mapping rules defines direct mapping between an attribute
of'the first object and a corresponding attribute of the second
object.

7. The method of claim 4 wherein:

if an attribute of the first object does not have a corre-
sponding attribute in the second object, then at least one
of the mapping rules defines how to locate a third object
that includes an attribute that corresponds with the
attribute of the first object.

8. The method of claim 4 wherein at least one of the
mapping rules defines mapping between one attribute of the
first object and multiple attributes of the second object.

9. The method of claim 4 wherein at least one of the
mapping rules defines mapping between an attribute value of
the first object and an attribute value of the second object,
wherein the attribute values are of a different type.

10. A data synchronization system for a telecommunica-
tion management network, the data synchronization system
comprising:

a mapping system that receives a first data set from a first
network element of the telecommunication manage-
ment network, receives a second data set from a second
network element of the telecommunication manage-
ment network, processes the first data set to identify a
first object in the first data set, processes the first object
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and the second data set based on mapping rules to
identify a second object in the second data set associ-
ated with the first object in the first data set, and
processes the first object and the second object based
on the mapping rules to map the first object to the
second object; and

a comparison system that processes the first object and the
second object as mapped to identify differences
between the first object and the second object, and
generates information indicating the differences
between the first object and the second object.

11. The data synchronization system of claim 10 further

comprising:

an alignment system that receives the information indi-
cating the differences between the first object and the
second object, and processes the first object and the
information indicating the differences to generate new
object data; and

a command system that receives the new object data,
generates commands based on the new object data to
adjust the first object stored in the first network ele-
ment, and transmits the commands to the first network
element.

12. The data synchronization system of claim 11 further

comprising:

a reporting system that receives the information indicating
the differences between the first object and the second
object, and generates a human-readable report.

13. The data synchronization system of claim 10 wherein
the mapping rules are written in extensible markup language
(XML) or another declarative language.

14. The data synchronization system of claim 13 wherein:

at least one of the mapping rules identifies the second
object in the second data set associated with the first
object in the first data set;

at least one of the mapping rules defines direct mapping
between an attribute of the first object and a corre-
sponding attribute of the second object;

if an attribute of the first object does not have a corre-
sponding attribute in the second object, then at least one
of'the mapping rules defines how to locate a third object
that includes an attribute that corresponds with the
attribute of the first object;

at least one of the mapping rules defines mapping between
one attribute of the first object and multiple attributes of
the second object; and

at least one of the mapping rules defines mapping between
an attribute value of the first object and an attribute
value of the second object, wherein the attribute values
are of a different type.

15. A software product for synchronizing network man-
agement data among network elements of a telecommuni-
cation management network, the software product compris-
ing:

mapping instructions when executed by a processing
system that receive a first data set from a first network
element of the telecommunication management net-
work, receive a second data set from a second network
element of the telecommunication management net-
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work, process the first data set to identify a first object
in the first data set, process the first object and the
second data set based on mapping rules to identify a
second object in the second data set associated with the
first object of the first data set, and process the first
object and the second object based on the mapping
rules to map the first object to the second object;

comparison instructions when executed by the processing
system that process the first object and the second
object as mapped to identify differences between the
first object and the second object, and generate infor-
mation indicating the differences between the first
object and the second object; and

computer-readable media that stores the mapping instruc-
tions and the comparison instructions.
16. The software product of claim 15 further comprising:

alignment instructions when executed by the processing
system that receive the information indicating the dif-
ferences between the first object and the second object,
and process the first object and the information indi-
cating the differences to generate new object data; and

command instructions when executed by the processing
system that receive the new object data, generate com-
mands based on the new object data to adjust the first
object stored in the first network element, and transmit
the commands to the first network element.

17. The software product of claim 16 further comprising:

reporting instructions when executed by the processing
system that receive the information indicating the dif-
ferences between the first object and the second object,
and generate a human-readable report.

18. The software product of claim 15 wherein the map-
ping rules are written in extensible markup language (XML)
or another declarative language.

19. The software product of claim 15 wherein the map-
ping instructions and the comparison instructions are written
in extensible stylesheet language transformations (XSLT).

20. The software product of claim 15 wherein:

at least one of the mapping rules identifies the second
object in the second data set associated with the first
object in the first data set;

at least one of the mapping rules defines direct mapping
between an attribute of the first object and a corre-
sponding attribute of the second object;

if an attribute of the first object does not have a corre-
sponding attribute in the second object, then at least one
of the mapping rules defines how to locate a third object
that includes an attribute that corresponds with the
attribute of the first object;

at least one of the mapping rules defines mapping between
one attribute of the first object and multiple attributes of
the second object; and

at least one of the mapping rules defines mapping between
an attribute value of the first object and an attribute
value of the second object, wherein the attribute values
are of a different type.



